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APPARATUS FOR ISOLATION AND P UR I FT e ATI O N 
Qy BIO LOG I CA^LY ACT IV6 C OM¥gfit^^ 



. FIELD OF THE INVENTIOyr 
This invention relates to an apparatus for isolating and purifying biologically 
active compounds, the use of which provides fester and more sensitive analy ses than 
previously available. 

BACKGROUND OF THE INVENTION 
ft has long been desired to purify and characterize biologically active tompourtds 
from their native fluids, e.g., blood serum, as well as cellular (mammalian, 
microbiological and other) extracts, lysates, enzyrbaiic digests, Woreartors aid cell 
cultures. Examples of such compounds are enzymes, proteins, dru^ 
acids, antigens, antibodies and complexes erf sucKcc^ 
15 (Le., antigen-antibody pairs). 

Existing devices for affinity purification use gels, hardened gel beacte^ 
and other matrices. AH these devices require positive pressure to force the liquid 
through the stationary phase, therefore nprpssftating the use of pumps and liquid 
chromatographic instrumerte These procedures require more time, preparation and 
2o skilled attention to obtain good p^te than is desirable. Farther, the snnnlianeous 
running of large numbers of samples is not possible. 

One practical and extensively used purificatio n is that of murine monoclonal 
antibodies from ascites fluid and/or hybridim^ In r^earch monoclonal 

antibodies are used for the isolation of biologically active compounds from cellular 

25 exLracts and other applications such as characterization of isolates. In other instances 
they are used for identification and diagnostic purposes. Furthermore, quick and small 
aliquot sample preparations are required for analysis and qualification of the 
monoclonal antibodies before the researcher scales up the p urificatio n to larger 
quantities of antibody from the cultures and/or ascites fluids. Research laboratories 

30 spend a disproport i onate amount of time and effort fur the above-described processes 
with presently-available technologies of affinity purification, using bacterial extracts 
such as staphylococcal protein A as the ligand on affinity matrices mentioned above. 

Another example is the isolation of immune complexes from patient serum 
samples and consequent purification of the antigen from the isolated immune complex* 
35 A practical method for isolating rare biologically active compounds is 

in which in vitro i mm i mp complexes are produced in complex 
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mixtures, followed by isolation wife protein A, ftenponficaiion of &e antigen and 
antibody components using ultrafiltration. 

Tests for tamme ccmmlexes should be sensitive, specific, and leprodudWe. It 
has been noted that by dissociating immune complexes through acidification and 
rnicroffltration of the patients sera, the incidence and titer of these antibodies have been 
significantly augmented. Previcras niethodology used a standard tfttafiltration 
chamber fitted withaioqooo MW artogmpmW A drawback of to techrdque, 
however, is that it takes between48 and 72hours to process a sir^ serum specimen. 



^ conventional affmitymem^ 
« of fluid passage through the membrane to allow the biologicany active compound to 
bind. ^isdifficufctodo,hcwOTer,ifu 

through the membrane, suchas pressure or vacuum, and highly impractical to make 
inexpensive, disposable devices usn^ ^ 
eqmpmentused employing these exertional tecta^ 
« effort to perform the analyses than is desirable. Also, such existing methods are not 
easily adaptable for multi-sample processings or to atifrur.**^ 

It is therefore an object of this invention to provide a simple, reproducible and 
mexpet^emetholforisolatmga^ ' 
fluid conferring them (arid an <i*vice for do^ 
» ^^'^wimmlossmsensi^ 
multi-sample processing or automation. 

SUMMARY OF TTTK INVEMTTOM 
The present invention, relates to a centrifugal device for preferentially removing 
biologically active compounds from a fluid, comprising at least one capture unit 
» compidsmga)an upper chamber for receiving &nd to be tr^^ 
fittidcommurucatiewwioxm^ 

capture membrane layer disposed between the upper and lower chambers, the 
xnembrane layer having Iigands for preferentially binding a biologically active 
c omp o un d. 

M ^ ^^^A**^ relates to a memo^ 

compounds comprising the steps of a) providing a centrifugal devicefor preferentially 
removing biologically active ce*npounds from a fluid, the device comprising at least 
one capture unit comprising an upper chamber for receiving fluid to be treated; a lower 
chambermfimdeommmticati^ 

35 porous capture membrane layer disposed between the upper and lower chambers, the 
membrane layer having Iigands for preferentiafly binding a biologically active 
compound; b) adding a fluid sample to the upper chamber and centrifugrng the capture 
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device to produce a j^^Lte; c) removing the filtrate from th^^wer chamber; d) treating 
the porous capture membrane layer with an eluttrig solvent so as to elute the 
biologically active compound off the porous membran e layer; and e) centrifuging the 
capture device to produce an ektertt 

DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts an embodiment of a device according to the irtverttiorv in 
longitudinal cross-section 

DESCRIPTION OF THE I1ST VEISTTTION 
Our invention r elate s to devices, systems and methods for purifying biologically 
active compounds. An exemplary embodiment of our device is shown in longitudinal 
cross-section in HG.1- Device 10 (hereinafter termed "centrifugal device") comprises 
upper chamber 11, intowhich fluid sample to be pnxxssed is placed. Upper chamber 
11 is defined by the substantiany cylindrical At the upper edge of wall 13 is 

found cap Ig^whidi protects ^ Cap 18 can be, e.g., 

snap fit on or a t tac hed by a screw thread. At the lower edge of wall 13 is a capture 

between the interiock^ Capture 
membrane layer 15 thus fcmns a semi-permeable barrier between upper chamber 11 and 
lower chamber 12, which has a closed end to foim a fluid receptade. The membrane 
may also be secured by other conventional means, e.g., by using an o-rmg. 

Chamber end cap 17 is design^ 
lower chamber 12. In this manner the entire unit may be placed into a centrifuge shield 
for centrifugation* device li> is spun in the ^ 

upper chamber 11 to lower chamber 12 through capture membrane layer 15, The 
fihrate thus produced in cup 14 may then be decanted by detaching the cup. 

The capture membrane layer is a parous membrane having ligands for 
preferentially binding a biologically active compound. (The word "membrane" as used 
herein is meant to not only refer to true "membranes", but to all forms of porous planar 
filter media, e.g., papers, etc) the capture membrane material may be any material 
suited to this purpose; the membranes, and means for coupling ligands to ("activating") 
the membranes are wdl-knowrv for example, oeflulosic, nylon, and poly sulfbne 
mem brane materi als. The nature of the membrane is important inasmmzh as it should 
be fairly inert with respect to the solvents used, and the btologicaliy active compounds 
of interest; and must allow for the ligpnd attadtmeht The pore size of the membrane 
material is dependent on the particular biologically active compound sought to be 
isolated, bat, in general, the average pore size must be at least large enough to allow 
unwanted components to pass through the m embran e layer. Membrane materials that 
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we have found useful, while not intended to be linuung, may be found in Table L 
Nficr ofil tration and ultrafiteation CUF) typgjngmbtanes are preferre d/ with 
microffltrstion men ibranes particularly prefen ed 

Table! 

s Membrane Name* Membrane Type MWQOf Gasification 



YC05 CeBwosic — 500 Ultrafiltration 

YM1 0 1000 ' v " 

ym3 ■ '3000 ,:; V 

YM10 " 10000 

w YM30 " 30000 

YM100 " 100000 

PM10 Polysulfone 10000 ".. 

PM30 * 30000 

XM50 DYNEL 1 * 50000 

15 XM300 " 300000 

GLSJZ Polysalfone 0J2pt Micronltration 

GLS.4S " 0.45& 

"B!ch38" Celfalosic gpj 



*Amicon, Inc., Beverly, Mass. .- ■ tmolecolar weight cutoff $avg. pore size 

The more important factor in selecting a capture membrane layer is the 
biologically active cconpotrhds themselves, because the nature of the compounds will 
most determine a) the particular ligand to be attached to the membrane and b) the 
membrane material to be used. The choice of ligand is more impor t a nt because the 
complex wul not bind to the membran e otherwise. Exemplary ligands, are shown in 
Table IL Other ligands; or combinations thereof; may be arrived at by those of ordinary 
skill in the art. 
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Table n 

Ligand 
protein A 

protein v? 



antibodies 



chixal moieties 



strep-avidm 



ot- dt^motxypsm 



nucleic acids 



niembtane.onelaidontc^Qf ^ofeer. This is particularly advantageous, because 
several sheets of membrane laid on top of each other ix^eniecapacav for ttie 
biologically active compound on the membrane, and enhance mass transfer and 
opportunity for bmdrng of the bfologfcally active oanpoimd to the capture membrane 
• layer* 

The isolations puriffcartonrfb^^ 
mve^onmaybecarr^ Huid, for example, blood serum, containing; 

the biologically active compounds) of interest is first placed into the upper chamber of 
our centrifugal device generally described above. The device is men placed into a 
«mxifuge and spun for a time and speed sufn^ to rr^ve tte fluid cornponent from 
the upper chamber through the capture mei^u^axui into the lower charms 
producmgaffltrate. The biologically active compound(s) wffl preferentially bind to the 
mernbrane. The qptnxial centrifoge tm^ 

at too high a speed, it can be anticipated that some of the oiologkaHy active cxnnpoundi 
of irteest, passir^ through the r^ 

ti^ffltrate. It is therefore advisable to use a slower speed initially and gradually work 
me speed npmsubsequentnn^ if desired. The centrifugal device only needs to be 
spun long enough to remove liquid from the upper chamber; when employing an 
ultrafiltration mernbrane, however, the membrane must be left moistened. 
Temperature-sensitive samples may be processed in a temperature controlled 
centrifuge environment if necessary. 
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P 1 ? device may then be removed and the capture membrane preferably washed 
to remove unbound compounds, with one or several volumes (each wash volume 
preferably roughly equal to the fluid capacity of the upper chamber) of, eg v Dl water or 
a neutral buffer solution, with centdfegatioh following each wash. The filtrate and 
washes may be saved or discarded as'nec^sary b^ detachmg the cup on the bottom of 
the unit, decanting the fluid and reattaching the cup. 

After this, the capture membrane is treated with an. ehrtmg solvent to elute the 
biologically active compounds off the membrane. The elating solvent chosen is 
dependent on the nature of the ligand and ligate, and the selection of the solvent may 
be done by those of ordinary skill in the art The capture device is centrifuged again; 
the biologically active compound is eluted off the membrane and passes through the 
niter into the lower chamber as the filtrate. 

It should be noted that die embodiment of the device described above may be 
reconfigured into many different embodiments and combinations. Likewise, the 
method of the invention may be employed in combination with other analytical tools to 
achieve a particular end. For example, the device described above could be configured 
from a single tube-type apparatus into a unitary plate corrtaxning an 8x12 array of 
"upper chamber fl wells (ie., m the standard 96 well plate configrrration) in order to use 
the variety of equipment and methodologies, e.g., centrifuges, plate readers, that 
support the format Continuing further with this example, this "capture plate" would 
snap onto or otherwise cooperatively attach to a standard 96 well plate to allow 
mdrvidual centrifugal isolation or purification as previously described herein. 
Furthermore, capture plates having different capture membrane layers specific for 
different biologically active compounds could be stacked on top of one another to 
isolate each biologically active compound from the other, thus reducing several 
separations to one. In another ernbodiment along these lines, the r^ttornmost capture 
plate could be made fiaving capture membranes in each well which may be used for 
membrane-bound EL2SA assays. 

The device described in FIG. 1 above could also be configured to stack "upper 
chamber* units in one "single-position'' device to isolate different biologically active 
compounds from a fluid in one step, as in the 96 weE capture plate just described. Such 
a capture device would have a greater capacity for each biologically active compound, 
and, with an appropriate variety of capture membranes, would allow the researcher to 
custom configure a device for his or her own lequhem ents. The advantage that all 
these 'stackable' einbodiments of our invention share over current affinity membrane 
rnethods, Le., vacuum, positive pressure or gravity pull through the membrane, is that 
the force pulling the sample through the membrane will be equal in each "upper 
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chamber", which is cKal for ensuring equality of mass ttJRr, and tiras consists 
of biologically active compound retention, over each capttire uiembrane m the device. 

One further convenient advantage of the embodiment shown in FIGt l is that 
elution Of the biologically active compound(s) retained on the membrane may be done 
by hiveiohgute unit adding efa 

wall of chamber end cap 17, and cenkuugmgu^ mverted unttsoasto 
retained compound i nt o the cap 19. 
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1 j^rfb^ ngd jfe 

2 1. A< =™*^prtd^ 
raiI,pC ?^ 5 S"? 1 ? compti^ at one capture unit comprising 

b) a lower chamber in fluid i 



xecdvmg fflteatex and 
c) a parous < 



with, said upper chamber, for 



lower chambers, said membrane layer hairing ligands for pref ere n tially 
— ; a biologically active oomponmL 



The device of claim ! whereni said capture membrane lay er comprises < 
plurality of membranes in a stack. 



12 
13 



Thfe device o£ claim 1 wherein said 
microfiltiaJion type. 



capture membrane layer is of the 



14 
15 
16 



The device df claim 1 wherein said capture membrane layer is sriec^ fr^ 
the group consisting of ceHulosic, nylon, and polysulfone membrane 
materials. 



17 5. 
18 
19 
20 



The device of daim 1 wfa^^ 

consisting of protein Ar prolan G, lectins, antibodies, antigens, chiral 
moieties, stap-avidirv biological complexes, a^fhymotrypsin, nucleic acids, 
and combinations thereof. 



21 6. 

22 7. 
23 



The device of claim 1 comprising a plurality of said capture units. 

The device of claim 6 wherein said capture units are laid out in a planar 
8x12 array. 



u 8. 

25 



The device of claim 1 wherein said lower chaxnberteiinmatesinadLo^ 
end so as to form a receptacle. 
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1 9. A method of purifying biologically active compo un ds comprising the steps 

2 of * 

z a) providing a ceiUxifugal device fbrprefer^^ biologically 

4 active compounds from a fluid, said device c ompr ising at least one 

5 capture to 1) an Upper diamber for receiving fluid to be 

6 treated; 2) a lower cfcoxi^ 



r chamber, for receiving filtrate; and 3) ha pbirous capture membrane layer 

9 disposed between said' upper aiid lower chancers, said m em br a ne 
$ layer having Egands for preferentially binding a biologically active 

10 c ompoun d; 

ti b) addii^ a fluid sample to saM^ 

12 centrifugal device to produce a filtrate; 

13 c) removing said filtrate from said lower chamber; 

14 d) treating said porous capture m embran e layer with an dating solvent 
1$ so as to elute said biologically a c ti ve comp ound off said porous 

16 membrane layer; and 

17 e) centrifaging said centrifugal device to produce an eluent 



18 10. The method of claim 9 wherein said m embran e layer comprises a plurality 

19 of membranes in a stack. 

20 11. The method of claim 9 wherein said membrane layer is of the 

21 mil :f offltration type, 

22 12. Themethodof claim 9 wherein saM 

23 f r o m the group consisting of cellulosic, nylon, and polysulfone membrane 

24 materials. 

25 13. The method of claim 9 wherein said ligands are selected frcm the group 

26 consisting of protein A, protein G, lectins, antibodies, antigens, c±iiral 

V moi eties , strep-avidin, biological complexes/ a-chym otrypsin , twtcI«?ic adds, 

2S and combinations thereof. 

29 14. The method of claim 9 wherein said device comprises a plurality of said 
si capture units. 



3! 
32 



15. The method of claim 14 wherein said c ap t ure units are laid out ixi a planar 
8x12 array. 
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I 16. A system for preferentially removing biologically active compounds from a 
Z fluid/ comprising — 

3 a) a centrifugal device comprising at leas t one capture unit comprising 

4 - an tipper chamber for r^eiving fluid to be trea tedj 

5 - a lower chamber in fluid communication with said upper chamber, 

6 for receiving filtrate; and 

7 - a porous membrane layer disposed between said upper and lower 

8 chambers, said membrane layer having ligands for preferentially 

9 binding a biologically active compound; 

10 b) and a centrifuge. 

II 17. The system of claim 16 wherein said capture membrane layer is selected 

12 from the group consisting of ceHolosic, nylon, and polysulfone membrane 

13 materials* 

14 18. Thesystemof daxm 16 wherein said ligands are selected from the group 

15 consisting of protein A, protean G, lectins, antibodies, antigens, chiral 

16 moieties, strep-avidin, biological complexes, a-chymotry psiiv nucleic adds, 

17 and combinations thereof* 
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